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0© (57) Abstract: The present invention relates to antimicrobial compositions, methods for the production of these compositions, and 
J^T use of these compositions with medical devices, such as catheters, and implants. The compositions of the present invention advan- 
^■ji tageously provide varying release kinetics for the active ions in the compositions due to the different water solubilities, of the ions, 

allowing antimicrobial release profiles to be tailored for a given application and providing for sustained antimicrobial activity over 

]^ time. More particularly, the invention relates to polymer compositions containing colloids comprised of salts of one or more oligo- 
dynamic metal, such as silver. The process of the invention includes mixing a solution of one or more oligodynamic metal salts with 
a polymer solution or dispersion and precipitating a colloid of the salts by addition of other salts to the solution which react with 
some or all of the first metal salts. The compositions can be incorporated into articles or can be employed as a coating on articles 
such as medical devices. 
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POLYMER COMPOSITIONS CONTAINING COLLOIDS OF 

SILVER SALTS 

FIELD OF THE INVENTION 

The present invention relates generally to polymer 
5 compositions and their use for making or coating articles, such as 
medical devices. More specifically the invention relates to 
antimicrobial compositions containing a polymer and oligodynamic 
salts. 

BACKGROUND OF THE INVENTION 

For many years silver and silver salts have been used 
as antimicrobial agents. An early medicinal use of silver was the 
application of aqueous silver nitrate solutions to prevent eye 
infection in newborn babies. Silver salts, colloids, and complexes 
have also been used to prevent and to control infection. For 
example, colloidal metallic silver has been used topically for 
conjunctivitis, urethritis, and vaginitis. 

Other metals, such as gold, zinc, copper, and cesium, 
have also been found to possess antimicrobial properties, both 
alone and in combination with silver. These and other metals 
have been shown to provide antimicrobial behavior even in 
minute quantities, a property referred to as ''oUgodynamic/' 
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Additionally, silver is known for antimicrobial use with 
medical devices, such as catheters, cannulae, and stents. One 
conventional approach for obtaining antimicrobial medical devices 
is the deposition of metallic silver directly onto the surface of the 

5 substrate, for example, by vapor coating, sputter coating, or ion 
beam coating. However, these noncontact deposition coating 
techniques suffer many drawbacks. These drawbacks include 
poor adhesion, lack of coating uniformity, and the need for special 
processing conditions, such as preparation in darkness due to the 

10 light sensitivity of some silver salts. One particular drawback of 
these coatings is. that the processes by which the coatings are 
formed do not adequately coat hidden or enclosed areas, such as 
the interior lumen of a catheter or stent. Additionally, these 
methods produce coatings that are very much like metallic silver in 

15 that they do not release silver from the coating and require 
contact with the coating to provide antimicrobial action. Though 
high concentrations of silver may be deposited on the substrate, 
very little free ionic silver is released on exposure to aqueous 
fluid. As a result, these coatings provide only limited antimicrobial 

20 activity. They essentially retard colonization of microbial agents 
on the surface of the device. However, because they do not 
release sufficient silver ions into aqueous fluids, they offer little or 
no protection from bacteria carried into the body upon insertion 
of the device and do not inhibit infection in the surrounding 

25 tissue. 
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Another method of coating silver onto a substrate 
involves deposition or electrodeposition of silver from solution. 
Drawbacks of these methods include poor adhesion, low silver 
pick-up on the substrate, the need for surface preparation, and 
5 high labor costs associated with multistep dipping operations 
usually required to produce the coatings. Adhesion problems 
have been addressed by inclusion of deposition agents and 
stabilizing agents, such as gold and platinum metals, or by forming 
chemical complexes between a silver compound and the substrate 
10 surface. However, inclusion of additional components increases 
the complexity and cost of producing such coatings. 

With many medical devices, it is preferred to have a 
lubricious coating on the device. Lubricious coatings aid device 
insertion, reduce the trauma to tissue, and reduce the adhesion of 
15 bacteria. Another drawback to conventional methods which apply 
. silver and other metals directly onto the surface of a medical 
device for which a lubricious coating is also desired is that a 
second, lubricious coating must be applied to the device over the 
antimicrobial coating, adding to manufacturing cost and time. 

20 Some of these coatings release, to varying degrees, 

silver ions into the solution or tissue surrounding the substrate. 
However, activation of such coatings often requires conditions 
that are not suitable for use with medical implants, such as 
catheters, stents, and cannulae. These conditions include abrasion 

25 of the coating surface, heating to a temperature above 180°C, 
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contact with hydrogen, peroxide, and treatment with an electric 
current. 

Another conventional approach for obtaining 
antimicrobial medical devices is the incorporation of silver, silver 
5 salts, and other antimicrobial compounds into the polymeric 
substrate material from which the article is formed. An 
oligodynamic metal may be physically incorporated into the 
polymeric substrate in a variety of ways. For example, a liquid 
solution of a silver salt may be dipped, sprayed or brushed onto 

10 the solid polymer, for example, in pellet form, prior to formation 
of the polymeric article. Alternatively, a solid form of the silver 
salt can be mixed with a finely divided or liquefied polymeric 
resin, which is then molded into the article. Further, the 
oligodynamic compound can be mixed with monomers of the 

15 material prior to polymerization. 

There are several disadvantages to this approach. 
One such disadvantage is that larger quantities of the 
oligodynamic material are required to provide effective 
antimicrobial activity at the surface of the device. A second 
20 disadvantage is that it is difficult to produce articles that allow for 
the release of the oligodynamic material because most device 
polymers absorb little, if any, water to aid in the diffusion and 
release of the oligodynamic material, resulting in articles that 
provide only a limited antimicrobial effect. 
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Yet another approach for obtaining antimicrobial 
medical devices is the incorporation of oligodynamic agents into a 
polymeric coating which is then applied to the surface of the 
article. Typically, an oligodynamic agent is incorporated into the 
5 coating solution in the form of a solution or a suspension of 
particles of the oligodynamic agent. Problems associated with this 
approach include poor adhesion of the coating to the substrate, 
settling and agglomeration of the oligodynamic particles, and 
inadequate antimicrobial activity over time. 

10 Settling of particles of the oligodynamic agent occurs 

as a result of the size and density of the particles. Settling of the 
particles from such solutions can cause unpredictable changes in 
the concentration of the oligodynamic agent in the composition. 
These changes in ien concentration result in several drawbacks to 

15 producing commercial products. First, unpredictable changes in 
the concentration of the oligodynamic agent make it difficult to 
produce a composition having a specific concentration of 
antimicrobial ions and, thus, a particular effectiveness. 
Additionally, these changes make it difficult to produce multiple 

20 batches of the composition having the same antibacterial 
concentration. Further, the concentration of the antimicrobial ions 
can affect other properties of the composition, such as its adhesive 
and lubricious properties. Consistency of antimicrobial activity is 
essential in the production of medical devices. 
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Another problem associated with particle suspensions 
is agglomeration of the particles. Particle agglomeration produces 
larger particle sizes which increases settling of particles from 
solution. Additionally, the agglomeration of particles in 
5 suspensions and coating solutions can produce particles in the 
coating that are large enough to be noticeable to the touch on the 
coated surface. Articles produced using such coatings have 
decreased patient comfort and, therefore, are undesirable. 

Many researchers have attempted to overcome these 

10 problems. For example, U.S. Patent No. 4,592,920 to Murtfeldt et 
aL discloses a process that attempts to overcome the settling and 
agglomeration problems in the art through the use of a 
comminuted metal having a particle size of 30 microns or less. The 
cfoating of the Murtfeldt patent, however, exhibits several 

15 disadvantages. For example, the Murtfeldt coating exhibits poor 
adhesion which is overcome by the use of the following methods. 
First, the Murtfeldt patent recommends pretreatment of the 
catheter to leach undesirable compounds that interfere with the 
bonding of the coating to the surface of the catheter. Second, the 

20 Murtfeldt patent recommends the use of a bridging compound, or 
primer, to attach the coating to the surface of the catheter to 
increase adhesion. This adds an additional manufacturing step to 
the fabrication of a coated device^ In addition to these 
disadvantages, it is likely that the process used to manufacture 

25 and coat the catheters in Murtfeldt will result in settling and 
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agglomeration problems even with the use of silver having smaller 
particle sizes. 

U.S. Patent No. 4,849,223 to Pratt et al attempts to 
overcome settling and agglomeration of the particles in his 
5 invention by using solutions that contain high concentrations of 
polymer or monomer solids and are, thus, viscous. Suspending 
particles in high viscosity coating solutions containing high 
polymer solids is a common method for reducing settling and 
agglomeration of the particles. The coatings made by this method 

10 are usually very thick and, as a result, are often not uniform. 
Thick coatings are also more costly, dry more slowly than thin 
coatings, and are more difficult to manufacture. The coatings of 
the Pratt patent also exhibit poor adhesion. To increase adhesion, 
the Pratt patent recommends using coating materials which are 

15 similar to the substrate to be coated, pretreating the surface of 
the substrate before the coating composition is applied, or 
applying an additional coating layer between the substrate and 
the coating. 

U.S. Patent No. 5,019,096 to Fox, Jr. et al discloses a 
20 method for increasing the antibacterial activity of silver by 
incorporating a synergistic amount of chlorhexidine and a silver 
salt in a matrix-forming polymer. The polymer is such that it 
allows for release of the antimicrobial agent over an extended 
period of time. Fox, however, relies on dispersation of silver 
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particles into coating solutions and will be susceptible to problems 
associated with particle settling and agglomeration. 

U.S. Patent No. 4,677,143 to Laurin et al discloses a 
method to enhance release of the antimicrobial metal ions from the 
5 surface of a device by incorporating the antimicrobial metal into a 
binder having a low dielectric constant that coats or forms the 
device. The nature of the binder allows the particles to form 
chain-like structures among themselves. These chain-like 
structures allow the surface particles to dissolve to provide an 

10 initial dose of the antimicrobial agent and to create a pathway for 
interior particles to come to the surface to provide additional 
doses of the antimicrobial agent over time. Laurin, however, also 
relies on dispersation of silver particles into coating solutions and 
is susceptible to problems associated with particle settling and 

15 agglomeration. 

U.S. Patent No. 4,933,178 to Capelli discloses a 
polymer coating containing an oligodynamic metal salt of a 
sulfonylurea. The Capelli patent attempts to improve the solubility 
and stability of the antimicrobial metal in the coating and to 
20 provide for the sustained release of the antimicrobial agent by 
adding a carboxylic acid to the coating composition. The 
particular carboxylic acids and the proportions in which they are 
mixed determine the rate of release of the antimicrobial agent 
from the polymer coating composition. 
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U.S. Patent No. 5,848,995 to Walder discloses the solid 
phase production of polymers containing AgCl as an antimicrobial 
agent. In the Walder process, solid polymer pellets are first 
soaked in a solution of silver nitrate which is absorbed into the 
5 pellets. The pellets are then rinsed, dried, and soaked in a 
solution of a sodium chloride. The chloride ions of the salt are 
absorbed into the polymer matrix of the pellets where they react 
with the silver nitrate to form silver chloride. The pellets are then 
rinsed, dried, and melt processed. The compositions of the Walder 
10 patent are limited to hydrophilic polymers, must be 
thermoformed, and do not contain other silver salts to provide 
multiple release rates, or other oligodynamic or medicinal agents 
to enhance antimicrobial effectiveness. 

Therefore, there is a need in the art to provide a 
15 method for rendering articles, such as medical devices, resistant to 
infection, not only on the surface of the article but also in the 
surrounding tissue. There is also a need in the art for 
compositions which can be incorporated into articles to provide 
antimicrobial activity. Further, there is a need for compositions 
20 which can be employed as coatings for articles that exhibit 
improved adhesion. There is also a need for compositions that 
overcome the solubility, settling, and agglomeration problems of 
conventional oligodynamic compositions, and exhibit enhanced, 
sustained release of oligodynamic agents. 
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SUMMARY OF THE INVENTION 

Stated generally, the present invention comprises 
antimicrobial compositions which in a first aspect provide the 
advantage of reduced settling and agglomeration by producing a 
5 minimal particle size of the oligodynamic salts in the compositions. 
The use of colloids in the compositions also permits incorporation 
of higher quantities of antimicrobial ions without the difficulties 
associated with the suspensions used in the prior art. 

In another aspect, the compositions of the present 
10 invention provide the advantage of varying release kinetics for 
the active oligodynamic ions due to the different water solubilities 
of the different salts in the compositions. These varying release 
kinetics allow for an initial release of oligodynamic ions that 
provides antimicrobial activity immediately upon insertion, 
15 followed by a continual, extended release of the oligodynamic 
ions from the composition, resulting in sustained antimicrobial 
activity over time. 

Stated somewhat more specifically, the present 
invention relates in one aspect to compositions that comprise a 
20 polymer and a colloid containing salts of one or more 
oligodynamic agents. In one disclosed embodiment, the polymer 
is a hydrophilic polymer. In another disclosed embodiment, the 
polymer is a hydrophobic polymer, while in yet another 
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embodiment, the polymer is a combination of these two types of 
polymers. 

In one disclosed embodiment, the invention comprises 
one or more salts of silver as the oUgodynamic agent. In another 
5 embodiment, the composition optionally contains additional salts 
of other oligodynamic metals, such as zinc, gold, copper, cerium 
and the like. In yet another embodiment, the composition 
optionally comprises additional salts of one or more noble metals 
to promote galvanic action. In still another embodiment, the 

10 composition optionally comprises additional salts of platinum 
group metals such as platinum, palladium, rhodium, iridium, 
ruthenium, osmium, and the like. The compositions optionally 
contain any other components that provide beneficial properties 
to the composition or improve the antimicrobial effectiveness of 

15 the composition. 

In a second aspect, the present invention relates to a 
process for producing these antimicrobial compositions. The 
process comprises the formation of colloids of oligodynamic 
agents in solutions, dispersions, or combinations of polymers 

20 solutions and dispersions. The terms "polymer composition" and 
"polymer solution" are used interchangeably throughout the 
specification and claims and both means any polymer solution, 
dispersion, or combination of polymer solutions and dispersions. 
The colloid can be formed first and then added to the polymer 

25 composition or can be formed in situ in the polymer composition. 
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Preferably, the colloid is formed in situ in the polymer 
composition. 

The process of forming the colloids comprises, for 
example, combining two or more salts, wherein at least one of the 

5 salts is the salt of an oligodynamic agent. These salts will be 
referred to herein as salt A and salt B. Salt A comprises one or 
more oligodynamic agents. Salt B comprises one or more salts 
that can react with salt A to form a colloid. Salts A and B can be 
combined in any amount and in any order. However, it is 

10 preferred that salt A be present in a stoichiometric amount or in 
excess when compared to salt B. 

Optionally, additional components can be added to the 
antimicrobial compositions of the present invention. These 
components include, but are not limited to, additional 

15 oligodynamic agents, additional soluble salts, salts which provide 
galvanic action, and any other components which provide the 
compositions with beneficial properties or enhance the 
antimicrobial activity of the compositions. Such components 
include, but are not limited to, antimicrobial agents, antibiotics, 

20 and other medicinal agents. 

In one disclosed embodiment, the antimicrobial 
composition of the invention is produced by forming a solution, 
dispersion, or combination of solutions and dispersions of one or 
more polymers. Next, a solution comprising salt A is added to the 
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polymer composition. Then, a solution comprising salt B is added 
to the polymer composition to precipitate fine colloidal salt(s) of 
the oligodynamic agent(s). Where the oligodynamic agent is a 
metal salt, the metal cation of salt A reacts with the anion of salt B 
5 to form a less soluble salt which precipitates as a fine colloid. Salt 
B is added to the polymer composition in an amount sufficient to 
react with some or all of salt A. Optionally, other salts are then 
added in amounts to react with some or all of the remaining 
amount of salt A. 

10 In another disclosed embodiment, salt B is added to 

the polymer composition, followed by the addition of an excess or 
stoichiometric amount of salt A. In yet another embodiment, salts 
A and B can be combined to form a colloid which is then added to 
the polymer composition. 

15 The final polymer composition formed by these 

processes contains one or more colloidal salts, composed of the 
oligodynamic cations of salt A and the anions of salt B, and one or 
more soluble salts, composed of the anions of salt A and the 
cations of salt B. 

20 In another aspect, the present invention relates to an 

article of manufacture which comprises a substrate and the 
antimicrobial compositions of the present invention. In a disclosed 
embodiment, the composition is employed in the manufacture of 
the article itself. Thus, the final article is composed of one or more 
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of the compositions of the present invention, alone or in 
admixture with other polymeric components. In another disclosed 
embodiment, the composition is applied to a preformed article as a 
coating. The coated article may be produced, for example, by 
5 dipping the article into the composition or by spraying the article 
with the composition and then drying the coated article. In a 
preferred embodiment, the compositions are used to coat medical 
devices. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 THE COMPOSITION 

In a first aspect, the present invention provides 
antimicrobial compositions. The compositions comprise a polymer 
and a colloid comprised of the salts of one or more oligodynamic 
agents. The term "oligodynamic agents" as used in the present 
15 invention refers to any compound that can provide antimicrobial 
activity, even when present in small quantities. 

Any polymer may be employed in the present 
invention, including hydrophilic polymers, hydrophobic polymers, 
and mixtures of these two types of polymers. The use of 
20 hydrophilic polymers is preferred because such polymers have 
additional benefits. These benefits include increased lubricity for 
patient comfort, increased absorption of aqueous fluids from the 
body which aids in the release of oligodynamic ions from the 
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composition, inhibition of .bacterial attachment, and improved 
solubility for some metal salts. Hydrophilic polymers best suited 
to the invention are those that are soluble in water or in organic 
solvents containing water. The ability to add water to the 

5 polymer composition without precipitating the polymer allows the 
addition of water-soluble salts directly to the coating composition. 
Water facilitates the formation of salt colloids within the polymer 
composition. For this reason, it is preferred that the polymer 
solution contain from 1 to 50% water by weight, more preferably 

10 from 5 to 30% water. 

However, the use of water is not limiting, as salt 
colloids can also be formed using alcohols, organic solvents, or 
both that contain little or no water. The use of alcohols and 
organic solvents, containing from 0 to 1% water are preferred 
15 when hydrophobic polymers are employed in the present 
invention. 

Examples of hydrophilic polymers which may be used 
to form the compositions include, but are not limited to, 
polyurethanes, including polyether polyurethanes, polyester 

20 polyurethanes, polyurethaneureas, and their copolymers; 
polyvinylpyrrolidones; polyvinyl alcohols; polyethylene glycols 
and their copolymers; polypropylene glycols and their 
copolymers; polyoxyethylenes and their copolymers; polyacrylic 
acid; polyacrylamide; carboxymethyl cellulose; cellulose and its 

25 derivatives; dextrans and other polysaccharides; starches; guar; 
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xantham and other gums and thickeners; collagen; gelatins; and 
other biological polymers. Preferred hydrophilic polymers are 
polyurethanes and polyurethane copolymers, such as polyether 
polyur e thaneur ea . 

5 Examples of hydrophobic polymers best suited for use 

in the present invention include, but are not limited to, 
polytetrafluoroethylene, polyvinyl chloride (PVC), 
polyvinylacetate, poly(ethylene terephthalate), silicone, polyesters, 
polyamides, polyureas, styrene-block copolymers, polymethyl 

10 methacrylate, acrylic-butadiene-styrene copolymers, polyethylene, 
polystyrene, polypropylene, natural and synthetic rubbers, 
acrylonitrile rubber, and mixtures and copolymers of any of the 
above. The preferred hydrophobic polymer depends upon the 
substrate to be coated. Hydrophobic polymers that are chemically 

15 similar or identical to the substrate are advantageously used alone 
or in combination with hydrophilic polymers to form coatings that 
enhance adhesion of the coating to the substrate. 

The colloid of the present invention comprises one or 
more oligodynamic salts. In the discussion of the process below, 

20 these salts are referred to as salt A. In a preferred embodiment, 
the oligodynamic salts comprise one or more salts of oligodynamic 
metals. The salts may be different salts of the same oligodynamic 
metal or may be salts of different oligodynamic metals. 
Oligodynamic metals useful in the present invention include, but 

25 are not limited to, silver, platinum, gold, zinc, copper, cerium, 
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gallium, osmium, and the like. The preferred oligodynamic metal 
is silver. 

Salts of other metals may be employed to form the 
colloid. In the discussion of the process below, these salts are 
5 referred to as salt B. These salts contain cationic ions that include, 
but are not limited to, calcium, sodium, lithium, aluminum, 
magnesium, potassium, manganese, and the like, and may also 
include oligodynamic metal cations such as copper, zinc, and the 
like. These salts contain anions that include, but are not limited to, 

10 acetates, ascorbates, benzoates, bitartrates, bromides, carbonates, 
chlorides, citrates, folates, gluconates, iodates, iodides, lactates, 
laurates, oxalates, oxides, palmitates, perborates/ phenosulfonates, 
phosphates, propionates, salicylates, stearates, succinates, 
sulfadiazines, sulfates, sulfides, sulfonates, tartrates, thiocyanates, 

15 thioglycolates, thiosulfates, and the like. 

The compositions of the present invention can also 
contain additional antimicrobial materials. For example, the 
compositions can contain salts of metals that enhance the 
antimicrobial effect of the oligodynamic metal, such as the platinum 
20 group metals, or other metals that promote galvanic action. 

The compositions of the present invention can also 
contain any combination of additional medicinal compounds. Such 
medicinal compounds include, but are not limited to, 
antimicrobials, antibiotics, antifungal agents, antiviral agents, 



17 



WO 01/43788 



PCTAJS00/42372 



antithrombogenic agents,, anesthetics, anti-inflammatory agents, 
analgesics, anticancer agents, vasodilation substances, wound 
healing agents, angiogenic agents, angiostatic agents, immune 
boosting agents, growth factors, and other biological agents. 

5 Suitable antimicrobial agents include, but are not limited to, 
biguanide compounds, such as chlorhexidine and its salts; 
triclosan; peni cillin s; tetracyclines; aminoglycosides, such as 
gentamicin and Tobramycin™; polymyxins; rifampicins; 
bacitracins; erythromycins; vancomycins; neomycins; 

10 chloramphenicols; miconazole; quinolones, such as oxolinic acid, 
norfloxacin, nalidixic acid, pefloxacin, enoxacin, and ciprofloxacin; 
sulfonamides; nonoxynol 9; fusidic acid; cephalosporins; and 
combinations of such compounds and similar compounds. The 
additional antimicrobial compounds provide for enhanced 

15 antimicrobial activity. 

The compositions can also contain auxiliary 
components. Examples of such auxiliary components include, but 
are not limited to, viscosity and flow control agents, antioxidants, 
conventional pigments, air release agents or defoamers, and 
20 discolorants. The composition may also contain conventional dyes 
and pigments to impart color or radiopacity or to enhance the 
aesthetic appearance of the compositions. The compositions can 
also contain additional lubricating agents and other additives that 
enhance patient comfort and tissue health. 
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While not wishing to be bound by the following 
mechanism, it is believed that many of the advantageous 
properties of the present compositions result from the differences 
in the solubility of the different metal salts present in the colloid. 
5 These differing solubilities of the metal salts in the colloid provide 
varying release kinetics for the active oligodynamic metal(s). For 
example, with a medical device composed of, or coated with, the 
compositions of the present invention, those salts that have high 
water solubility will be released from the coating rather quickly, 

10 providing a high initial dose of antimicrobial activity to kill bacteria 
introduced upon insertion of the device in the patient. This initial 
dose is sometimes referred to as "quick kill/' and this antimicrobial 
activity is identified by the ability of a coated device or 
composition to create zones of no bacterial growth around the 

15 device or composition when it is placed in a bacterial culture. This 
test is known as a "zone of inhibition" assay. Those salts having 
lower water solubilities will be released more slowly from the 
composition, resulting in a sustained or extended antimicrobial 
activity over time. 

20 Selection of salts having varying degrees of solubility 

in the composition allows tailoring of the composition to the 
specific application of the article comprising the composition. 
Specifically, compositions of the invention can be tailored to kill 
bacteria introduced during the insertion of a medical device, both 

25 on the surface of the device and in the surrounding fluid and 
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tissue, by both the quick release of antimicrobial metal salts, 
followed by prolonged inhibition of bacterial migration and 
growth by the slower release of less soluble antimicrobial metal 
salts over an extended period of time. The ability to tailor the 
5 release of the oligodynamic agent is advantageous over 
conventional antimicrobial compositions, as it provides for both 
immediate and sustained antimicrobial activity. 

Another advantage of the compositions of the present 
invention is that the formation of colloids within the polymer 

10 composition produces ultra-fine particles that possess a minimal 
particle size for the metal salts. This minimal particle size retards 
settling and agglomeration. The use of colloids in the composition 
also permits incorporation of higher quantities of antimicrobial 
metal without the difficulties associated with the suspensions used 

15 in the prior art. 

By reducing or eliminating the problems associated 
with conventional antimicrobial polymer compositions, the present 
invention provides reproducible compositions having a specific 
antimicrobial ion concentration with a specific antimicrobial ion 
20 release profile that can be tailored through the specific salt 
combinations selected to provide optimum antibiotic activity over 
an extended period of time. For example, compositions of the 
invention can be tailored to release the bulk of their oligodynamic 
agents within 5 days for a medical device with a short term use in 
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the body, such as a wound. drain, or within 30 days for a device 
with a longer term use. such as a foley catheter. 

The tailored delivery embodiment of the invention will 
now be further described in terms of a polyurethane composition 
5 containing a colloid of specific silver salts. It is to be understood 
that this is simply an example of one embodiment of the invention 
and that one of skill in the art, based upon the present disclosure, 
could pick and choose salts having differing solubilities to provide 
a composition having a suitable release profile for a particular 
10 purpose. 

A coating solution is formed from a 4.7% solution of a 
polyether polyure thane-urea block copolymer in a mixture of 
THF/ alcohol in a 75/25 ratio by weight. A sufficient quantity of 
10% silver nitrate (AgN03) solution in water is added to the TPH 
15 copolymer solution to produce a final silver concentration of 
approximately 15%, based on the weight of coating solids in the 
solution. 

Aqueous solutions of sodium chloride, zinc iodide, 
sodium citrate, sodium acetate, and sodium lactate (each 1.0% 
20 solutions) are added to the copolymer solution in sufficient 
amounts for each salt to react with 15% of the silver nitrate 
present in the composition. Colloids of silver chloride, silver 
iodide, silver citrate, silver acetate, and silver lactate are formed in 
the final coating composition. The coating composition also 
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contains 25% unreacted soluble silver nitrate, as well as the silver 
nitrate and zinc nitrate salt products. The differences in the 
solubility of the different salts in the composition will result in 
different and prolonged rates of release of the oligodynamic silver 
5 in the coating composition when a device coated with the 
composition is exposed to body fluid. 

Silver nitrate is the most soluble of the salts present in 
the composition and will be released rapidly upon initial exposure 
of the coating to body fluid. Sodium lactate, which has a lower 
10 solubility than silver nitrate but a higher solubility than the other 
salts present, will be released next. Then, the silver acetate, 
followed by the silver citrate, and thqjjL the silver chloride, and, 
lastly, the silver iodide will be released from the coating 
composition based upon their relative solubilities. 

15 The initial release and the duration of release of the 

oligodynamic agents from the composition depends upon several 
factors. These factors include the relative water solubilities of the 
particular salts formed in the colloid and the concentration of the 
salts in the colloid. This release can range, for example, from a 

20 few days to several months, and can be tailored through the 
choice and number of salts formed in the composition for the 
intended purpose of the device to be coated. 

The compositions of the invention can also be tailored 
to provide other desired properties, such as surface lubricity. 
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Further, the compositions may contain other medicinal or 
otherwise beneficial agents. 

Process for preparing the Composition 

In a second aspect, the present invention relates to a 
5 process for producing the compositions of the invention. In 
general terms, the process comprises the formation of colloids of 
oligodynamic agents in polymer solutions. The colloid can be 
formed first and then added to the polymer composition or can 
be formed in situ in the polymer composition. Preferably, the 
10 colloid is formed in situ in the polymer composition. 

The process of forming the colloids comprises, for 
example, combining two or more salts, wherein at least one of the 
salts is the salt of an oligodynamic agent. These salts will be 
referred to as salt A and salt B. Salt A comprises one or more 
15 oligodynamic agents. Salt B comprises one or more salts that can 
react with salt A to form a colloid. Salts A and B can be combined 
in any amount and in any order. However, it is preferred that 
salt A be present in a stoichiometric amount or in excess when 
compared to salt B. 

20 Optionally, additional components can be added to the 

compositions. These components include, but are not limited to, 
additional oligodynamic agents, additional soluble salts, salts 
which provide galvanic action, and any other components which 
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provide the compositions with beneficial properties or enhance the 
antimicrobial activity of the compositions. Such components 
include, but are not limited to, antimicrobial agents, antibiotics, 
and other medicinal agents. 

5 In one disclosed embodiment, the composition is 

produced by forming a solution, dispersion, or combination of 
solutions and suspensions of one or more polymers. Next, a 
solution comprising salt A is added to the polymer composition. 
Then, a solution comprising salt B is added to the polymer 

10 composition to precipitate fine colloidal salt(s) of the oligodynamic 
agent(s) of salt A. Where the oligodynamic agent is a metal salt, 
the metal cation of salt A reacts with the anion of salt B. Salt B is 
added to the polymer composition in an amount sufficient to react 
with some or all of salt A. Optionally, other salts are then added 

15 in amounts to react with some or all of the remaining amount of 
salt A. 

In another disclosed embodiment, salt B is added to 
the polymer composition, followed by the addition of an excess or 
stoichiometric amount of salt A. In yet another embodiment, salts 
20 A and B can be combined to form a colloid which is then added to 
the polymer composition. 

The final polymer composition formed by these 
processes contains one or more colloidal salts, composed of the 
oligodynamic cations of salt A and the anions of salt B, and one or 
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more soluble salts, composed of the anions of salt A and the 
cations of salt B. Additionally, other salts may be added to the 
composition that do not react in solution but provide some 
beneficial effect such as stabilization of the colloid, modification of 
5 antimicrobial ion release rate, promotion of galvanic action, 
increase in antimicrobial effectiveness, or enhancement of 
biocompatible ty. Further, other compounds may be added to the 
composition, including, but not limited to, medicinal agents, 
lubricants, nutritional agents, antioxidants, dyes and pigments, 
10 and other additives. 

As noted above, any polymer can be used to form the 
compositions of the present invention. When hydrophilic 
polymers are used, it is preferable that the polymers be soluble in 
water or in organic solvents containing some water. The ability to 

15 add water to the polymer composition without precipitating the 
polymer allows the addition of water-soluble salts directly to the 
coating composition. The use of water in the polymer composition 
increases the solubility of the salts, resulting in the fomation of 
finer, more stable colloids. However, it takes longer for the 

20 coating compositions to dry when the water content is very high. 
For this reason, the preferred amount of water in the hydrophilic 
polymer compositions is about 50% or less. Such concentrations 
provide for faster drying times while maintaining the beneficial 
properties provided by the water in the composition. 
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In contrast, when hydrophobic polymers are used 
either alone or in combination with hydrophilic polymers, it is 
desirable to limit the amount of water present in the composition 
to avoid precipitation of the hydrophobic polymer with the 
5 colloid. In such instances the amount of water present in the 
polymer composition is preferably 1% or less. While it is possible 
to practice the invention in the absence of water in the 
composition, it is preferable to have some water present. Thus, 
when hydrophobic polymers are employed in the present 
10 invention, the preferred water content of the polymer 
compositions is between about 0.1% and 1% by weight. It is 
advantageous to employ salts that are soluble in alcohols or 
organic solvents when hydrophobic polymers employed. 

Examples of water-soluble silver salts suiteable for use 
15 in the present invention, include, but are not limited to, silver 
nitrate, silver acetate and silver lactate. Examples of silver salts 
which are soluble in alcohols and organic solvents include, but are 
not limited to, silver nitrate, sodium iodide, sodium lactate, sodium 
propionate, sodium salicylate, zinc chloride, zinc acetate, zinc 
20 salicylate, gold trichloride, gold tribromide, palladium chloride and 
hydrogen-hexachloroplatinate. 

Examples of alcohols that are useful in the present 
invention include, but are not limited to, methanol, ethanol, 
propanol, isopropanol, and butanol. Examples of organic solvents 
25 that can be used to form solutions of the oligodynamic salts 
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include, but are not limited to, acetone, tetrahydrofuran (THF), 
dimethylformamide (DMF), dimethlysulfoxide (DMSO), and 
acetonitrile. These organic solvents are especially useful when 
they contain a small amount of water. 

5 It is also possible to prepare polymer compositions 

from supercritical fluids. The most common of these fluids is 
liquefied carbon dioxide. 

In a preferred embodiment, the polymer composition 
in which the colloid is formed is a hydrophilic polyether 

10 polyurethaneurea. This polymer is a substantially noncovalently 
crosslinked reaction product of one or more diols, water and an 
organic diisocyanate. The urea segments of the polymer provide 
imp roved, strength, increased viscoelasticity, and decreased water 
absorption. These polymers typically absorb water in amounts 

15 from 50 to 100% their weight while remaining strong and elastic. 

Diols useful in the formation of these polymers include, 
but are not limited to, medium and long chain poly(oxyethylene) 
glycols having a number average molecular weights between 250 
and 20,000. Example of such diols are "Carbowax" compounds 
20 sold by Union Carbide. 

Organic diisocyanates useful to form these polymers 
include, but are not limited to, tetramethylene diisocyanate, 
hexamethylene diisocyanate, trimethylhexamethylene 

diisocyanate, dimer acid diisocyanate, isophorone diisocyanate, 
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diethylbenzene diisocyanate, decamethylene 1,10-diisocyanate, 
cyclohexylene 1,2-diisocyanate, cyclohexylen£ 1,4-diisocyanate, 
methylene bis(cyclohexyl-4-isocyanate), 2,4- and 2,6-tolylene 
diisocyanate, 4,4-diphenylmethane diisocyanate, 1,5-naphthaliene 
5 diisocyanate, dianisidine diisocyanate, tolidine diisocyanate, 
xylylene diisocyanate, and tetrahydronaphthalene-1,5- 
diisocyanate. 

In another preferred embodiment, the polymer 
coating composition comprises a combination of a hydrophilic 

10 polyurethane, a polymer that is similar or identical to the polymer 
substrate to be coated, and, optionally, other polymers which aid 
coating adhesion and physical properties. Antimicrobial salt 
colloids are prepared in this composition as disclosed previously, 
with the exception that, depending on the second polymer used, 

15 some or all of the water used to prepare salt solutions can be 
replaced with alcohols or other organic solvents to prevent 
precipitation of the second polymer. Another exception is that the 
salts elected must be soluble in solvents compatible with those in 
which the polymers are soluble. As an example of this preferred 

20 embodiment, a solution of a hydrophilic polyether 
polyurethaneurea in THF can be combined with a solution of 
polyvinyl chloride (PVC) in methylene chloride in equal amounts. 
Then, silver nitrate can be dissolved in ethanol and added to the 
solution without precipitation. Ethanol is used to dissolve the 

25 silver nitrate instead of water because PVC has a tendency to 
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precipitate when water is added to the solution. Finally, a dilute 
solution of zinc chloride in ethanol/water can be slowly added to 
the polymer composition to produce a fine silver chloride colloid 
without precipitation of the PVC. The final concentration of 
5 water in the coating is less than 1%. The coating solution is then 
used to dip-coat PVC catheters. The finished coating is well 
adhered, durable, lubricious when wetted, and contains colloidal 
antimicrobial salts. 

In another embodiment, the polymer composition 

10 comprises a hydrophilic polymer as defined in commonly owned 
copending application Serial No. 09/189,240, filed November 10, 
1998, herein incorporated by reference. In general, the polymer is 
a polyurethane-urea-silane copolymer prepared from the 
following ingredients: (1) one or more polyisocyanate, (2) one or 

15 more lubricious polymer having at least two functional groups, 
which may be the same or different and are reactive with an 
isocyanate functional group, and (3) one or more organo- 
functional silanes having at least two functional groups, which 
maybe the same or different and are reactive with an isocyanate 

20 functional group and with a silicone rubber substrate. While these 
copolymers may be prepared in a variety of ways, preferably they 
may be prepared by first forming a prepolymer from the 
polyisocyanate(s) and lubricious polymer(s) followed by reaction 
with the organo-functional silane(s). A catalyst is optionally 

25 employed during reaction of the isocyanate with the polyol. 
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Isocyanates useful to form these polymers include, but 
are not limited to, 4,4'-diphenylmethane diisocyanate and position 
isomers thereof, 2,4- and 2,6- toluene diisocyanate (TDI) and 
position isomers thereof, 3,4-dichlorophenyl diisocyanate, 
5 dicyclohexylmethane-4,4'-diisocyanate (HMDI), 4,4'- 

diphenylmethane diisocyanate (MDI), 1,6-hexamethylene 
diisocyanate (HDI) and position isomers thereof, isophorone 
diisocyanate (IPDI), and adducts of diisocyanates, such as the 
adduct of trimethylolpropane and diphenylmethane diisocyanate 
10 or toluene diisocyanate. 

Polyols useful to form these polymers include, but are 
not limited to, polyethylene glycols, polyester polyols, polyether 
polyols, caster oil polyols, and polyacrylate polyols, including 
Desmophen A450, Desmophen A365, and Desmophen A160 

15 (available from Mobay Corporation), poly(ethylene adipates), 
poly(diethyleneglycol adipates), polycaprolactone diols, 
polycaprolactone-polyadipate copolymer diols, poly(ethylene- 
terephthalate)diols, polycarbonate diols, polytetramethylene ether 
glycol, ethylene oxide adducts of polyoxypropylene diols, and 

20 ethylene oxide adducts of polyoxypropylene triols. 

Catalysts useful to form these polymers include, but 
are not limited to, tertiary amines, such as N,N- 
dimethylaminoethanol, N,N-dimethyl-cyclohexamine-bis(2- 
dimethyl aminoethyl) ether, N-ethylmorpholine, N,N,N',N',N"- 
25 pentamethyl-diethylene-triamine, and l-2(hydroxypropyl) 
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imidazole, and metallic catalysts, such as tin, stannous octoate, 
dibutyl tin dilaurate, dioctyl tin dilaurate, dibutyl tin mercaptide, 
ferric acetylacetonate, lead octoate, and dibutyl tin diricinoleate. 

Silanes useful to form these polymers include, but are 
5 not limited to, N~beta-(aminoethyl)~gamma-aminopropyl- 
trimethoxy silane and chamino-alkoxysilanes, such as N-(2- 
arninoethyl)-3-aminopropylmethyl-dimethoxy silane. 

These polymers preferably have from 7 to 12% by 
weight silane based upon the weight of the entire polymer. The 

10 preferred ratio of isocyanate functional groups to alcohol or other 
isocyanate reactive functional groups is from 1.1:1 to 2:1. 
Viscosity of the polymer solution is a function of molecular weight 
of the polymer and the solids content of the solution and is 
controlled by addition of solvent to the solution. The preferred 

15 copolymer solution for dip coating has a kinematic viscosity in the 
range of about 1.5 cS to about 20 cS (centistokes), and a solids 
content in a range of about 0.4 to about 5. 

In yet another embodiment, the polymer composition 
comprises a solution of a hydrophilic polymer as defined in U.S. 
20 Patent No. 5,290,585, which is hereby incorporated by reference. 
The polymer is a polyuxethane-polyvinyl pyrrolidone prepared by 
mixing the appropriate amounts of isocyanate, polyol, and 
polyvinyl pyrrolidone (PVP) stock solution. Additional solvents 
can be added to adjust the viscosity and solids content. Solids 
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content may be in the range of 0.4 to 15% by weight, depending 
on the solvent used and other considerations. The stoichiometric 
ratio of total NCO groups in the isocyanate to total OH groups in 
the polyol may vary from 0.75 to 3.0. Preferably, the isocyanate 
5 has at least two NCO groups per molecule and the polyol has at 
least two OH groups per molecule. The ratio of polyurethane 
formed in situ to PVP ranges from 0.05 to 3.0 by weight. 

The PVP employed to form these polymers preferably 
has a mean molecular weight from about 50,000 to 2.5 million 
10 Dal tons. Specific preferred PVP polymers are Kollidon 90, 
Luviskol K90, Luviskol K80, and Luviskol K60, all available from 
BASF Corp. (Parsippany, NJ) and Plasdone 90, PVP K90, and PVP 
K120, all available from GAF Corporation. 

Isocyanates suitable to form these polymers include, 
15 but are not limited to, polymethylenepolyphenyl isocyanate, 4,4'- 
diphenylmethane diisocyanate and position isomers thereof, 2,4- 
tolylene diisocyanate and position isomers thereof, 3,4- 
dichlorophenyl diisocyanate, isophorone isocyanate, and adducts 
or prepolymers of isocyanates, such as the isocyanate prepolymer 
20 available as Vorite 63 from CasChem, Inc. (Bayonne, NJ). Other 
examples of pplyisocyanates useful in the present invention are 
those listed in ICI Polyurethanes Book, by George Woods, 
published by John Wiley and Sons, New York, New York (1987). 
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Polyols useful to form these polymers include, but are 
not limited to, polyester polyols, polyether polyols, modified 
polyether polyols, polyester ether polyols, caster oil polyols, and 
polyacrylate polyols, including Desmophen A450, Desmophen 
5 A365, and Desmophen A160 available from Mobay Corporation 
(Pittsburgh, PA). Preferred polyols include caster oil and caster 
oil derivatives, such as DB oil, Polycin-12, Polycin 55, and Polycin 
99F available from CasChem, Inc. Preferred diols include, but are 
not limited to, Desmophen 651A-65, Desmophen 1300-75, 
10 Desmophen 800, Desmophen-550 DU, Desmophen-1600U, 
Desmophen-1920D, and Desmophen-1 150, available from Mobay 
Corporation, and Niax E-59 and others available from Union 
Carbide (Danbury, Connecticut). 

Suitable solvents for use in the formation of these 
15 polymers are those which are capable of dissolving the isocyanate, 
the polyol, and the polyvinyl pyrrolidone without reacting with 
any of these components. Preferred solvents include, but are not 
limited to, methylene chloride, dibromomethane, chloroform, 
dichloroethane, and dichloroethylene. 

20 When a composition containing this polymeric solution 

is to be used as a coating, the coating is cured, after application to 
the substrate, at a temperature in the range of approximately 

75°F to approximately 350°F for a period in the range of about 2 
minutes to about 72 hours. 
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The process of the invention will now be further 
described in terms of the formation of a colloid of silver chloride 
from silver nitrate and sodium chloride in a polyurethane polymer 
coating solution. It is to be understood that this is simply an 
5 example of one preferred embodiment of the invention and that 
any polymer or combination of polymers and any mixture of salts 
that will form a colloid within the polymer solution can be 
employed in the present invention. 

First, a 4.7% solution of a polyether polyurethane-urea 
10 block copolymer is prepared in a mixture of THF/ethanol in a 
75/25 ratio by weight. * A sufficient quantity of 10% silver nitrate 
(AgN03) solution in water is added to the TPH copolymer 
solution to produce a final silver concentration of approximately 
15%, based on coating solids in the solution. An aqueous solution 
15 of 1.0% sodium chloride (NaCl) is then slowly added to the 
solution with stirring in an amount sufficient to react with 50% of 
the AgN03- The NaCl reacts with the AgNC>3 to produce a 
colloidal suspension of the poorly water soluble salt, AgCl, and 
the soluble salt, NaN03, from half of the AgNC>3. The amount of 
20 water in the final coating solution is about .30% of the total solvent 
weight. The final polymer concentration in the coating solution is 
3.3%, based upon solvent and polymer weights. 

A 16 Fr latex Foley catheter can then be coated with 
the composition by dipping it into the composition solution, 
25 withdrawing it at a controlled rate and drying it using standard 
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methods. The finished coating contains both the water soluble, 
and therefore fast releasing, AgNC>3, and the water insoluble, 
and therefore slow releasing, AgCl. 

Uses of the Composition 

5 In a third aspect, the present invention relates to an 

article of manufacture. In a preferred embodiment, the 
antimicrobial composition can be used as a coating on a preformed 
article to provide antimicrobial activity to the surface of the article 
and to the environment surrounding the article through the 

10 continual release of oligodynamic ions: Any article can be coated 
with the antimicrobial compositions of the present invention. The 
composition is particularly suited for the production of medical 
devices, which include, but are not limited to, catheters, cannulae, 
stents, guide wires, implant devices, contact lenses, IUDs, 

15 peristaltic pump chambers, endotracheal tubes, gastroenteric 
feeding tubes, arteriovenous shunts, condoms, oxygenator and 
kidney membranes, gloves, pacemaker leads, and wound 
dressings. 

In a second embodiment, the antimicrobial composition 
20 can be prepared as a high solids solution and used alone or mixed 
with other polymers to form the article itself. Polymers which are 
useful to form the articles of the invention include, but are not 
limited to, natural and synthetic rubber, especially latex rubber, 
acrylonitrile rubber, PVC plastisol, PVC, polyurethanes, silicone, 
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polycarbonates, acrylates, polyamides, polypropylenes, 
polyethylenes, polytetrafluoroethylenes, polyvinylacetate, 
poly(ethylene terephthalate), polyesters, polyamides, polyureas, 
styrene-block copolymers, pdlymethyl methacrylate, acrylic- 
5 butadiene-styrene copolymers, polystyrene, cellulose, and 
derivatives and copolymers of any of the above. 

As nonlimiting examples, compositions of the invention 
can be admixed into latex rubber for fabrication of catheters, 
gloves, and other dipped latex products by standard form 
10 dipping methods, and vinyl plastisols can be mixed with 
compositions of the invention to provide dippable and castable 
antimicrobial PVC devices. Thus, the final article can be composed 
of one or more of the compositions of the present invention in 
admixture with other polymeric components. 

15 Alternatively, compositions of the invention can be 

formulated into high solids coating compositions that can be used 
to dip-fabricate a variety of medical devices, such as catheters, 
stents, gloves, condoms, and the like. 

By another method, compositions of the invention can 
20 be dried and melt processed, for example, by injection molding 
and extrusion. Compositions used for this method can be used 
alone or compounded with any other melt-processable material 
for molding and extrusion of antimicrobial articles. 
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The antimicrobial compositions of the invention are 
preferably coated onto preformed articles. When used as a 
coating, the compositions can be applied by any means, including 
those methods known in the art. For example, the compositions 
5 can be brushed or sprayed onto the article, or the article can be 
dipped into the composition. For example, the article can be 
dipped into the antimicrobial polymer solution at a rate of about 
10-80 inches per minute (ipm), preferably about 40 ipm. The 
article is allowed to remain in the antimicrobial polymer solution 

10 for a period of about 0-30 seconds, preferably about 5-15 
seconds. The article is then withdrawn at a rate of about 10-80 
ipm, preferably about 15-30 ipm. Once the article has been coated 
with the copolymer of the invention, it is allowed to air dry for a 
period of at least about 10 minutes before drying is completed in 

15 an oven for a period of about 5-60 minutes at a temperature in the 
range of about 40-100°C. Preferably, oven drying occurs for a 
period of about 15 minutes at a temperature of about 50°C. The 
coated article can optionally be dried with a hot air stream at a 

temperature in the range of approximately 40°C to approximately 

20 100°C for a period of about 5-60 minutes to remove residual 
solvent. 

This invention is further illustrated by the following 
examples, which are not to be construed in any way as imposing 
limitations upon the scope of the invention. 
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EXAMPLES 

Example 1 

To form the coating solution, a 4.7% solution of a 
polyether polyurethane-urea block copolymer manufactured by 
5 Tyndale Plains-Hunter Ltd. (TPH) was prepared in a mixture of 
THF/alcohol in a 75/25 ratio by weight. A sufficient quantity of 
10% silver nitrate (AgN03) solution in water was added to the 
TPH copolymer solution to produce a final silver concentration of 
approximately 15%, based on the weight of coating solids in the 
10 solution. An aqueous solution of 1.0% sodium chloride (NaCl) 
was added to the solution in an amount sufficient to react with 
50% of the AgNC>3 to produce a colloid of the poorly water 

soluble salt, AgCl, from half of the AgN03 in the coating solution. 
The NaCl solution was added slowly to the polymer solution and 
..15 the solution began to turn cloudy with the formation of the fine 
colloidal AgCl. The amount of water in the final coating solution 
was about 30% of the total solvent weight. The final polymer 
concentration in the coating solution was 3.3%, based upon 
solvent and polymer weights. 

20 A 16 Fr latex Foley catheter was then coated by 

dipping it into the coating solution, withdrawing it at a controlled 
rate to control the thickness of the coating and drying the 
catheter coating using standard methods. The finished coating 
contained both the water soluble, and therefore fast releasing, 
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AgN03 and the water insoluble, and therefore slow releasing, 
AgCl. 

Example 2 

The process of Example 1 was repeated, except that a 
5 1.0% solution of zinc chloride was used in place of the 1.0% 
solution of sodium chloride, resulting in the formation of a silver 
chloride colloid and zinc nitrate from half the silver nitrate in the 
coating solution. Zinc chloride was added in an amount of one 
half the amount of NaCl added in Example 1 because one mole of 
10 zinc chloride reacts with 2 moles of silver nitrate. 

Example 3 

The process of Example 1 was repeated, except that a 
1.0% solution of copper chloride was used in place of the 1.0% 
solution of sodium chloride, resulting in the formation of a silver 
15 chloride colloid and copper nitrate from half the silver nitrate in 
the coating solution. Copper chloride was added in an amount of 
one half the amount of NaCl added in Example 1 because one 
mole of copper chloride reacts with 2 moles of silver nitrate. 

Example 4 

20 The process of Example 1 was repeated, except that 

the 1.0% solution of sodium chloride was replaced with a 1.0% 
solution of sodium iodide, resulting in the formation of a silver 
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iodide colloid and sodium nitrate from half the silver nitrate in the 
coating solution. Silver iodide is a local antiinfective agent and has 
a lower water solubility than silver chloride, providing a slower 
releasing silver salt than silver chloride. 

5 Example 5 

The process of Example 1 was repeated, except that 
the 1.0% solution of sodium chloride was replaced with a 1.0% 
solution sodium propionate, resulting in the formation of a silver 
propionate colloid and soluble sodium nitrate, along with the 
10 remaining silver nitrate in the solution. Silver propionate is a local 
antiinfective and is more water soluble than AgCl or Agl, 
providing a faster releasing salt than silver chloride or silver 
iodide. 

Example 6 

15 The process of Example 1 was repeated, except that 

the 1.0% solution of sodium chloride was replaced with a 1.0% 
solution of sodium lactate, resulting the formation of a silver 
lactate colloid and sodium nitrate, along with the remaining silver 
nitrate in the coating solution. Silver lactate is a local antiinfective 

20 and is more water soluble than sodium propionate, AgCl or Agl, 
providing one of the fastest releasing silver salts, other than the 
soluble silver nitrate. 
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Example 7 

The process of Example 1 was repeated, except that 
the 1.0% solution of sodium chloride was replaced with a solution 
of sodium acetate, resulting in the formation of a silver acetate 
5 colloid and sodium nitrate, along with the remaining silver nitrate 
in the solution. Silver acetate is a local antiinfective that is more 
water soluble than sodium propionate, silver chloride, or silver 
iodide, but less water soluble than silver lactate. 

Example 8 

10 The process of each of Examples 1, 2, 3, 4, 5, 6, and 7 was 
repeated, except that the salt solution was added in an amount 
sufficient to react with 75% of the AgNC>3. 

Example 9 

The process of each of Examples 1, 2, 3, 4, 5, 6, and 7 
15 was repeated, except that the salt solution was added in an 
amount sufficient to react with 100% of the AgNOj. 

Example 10 

The process of each of Examples 1, 2, 3, 4, 5, 6, and 7 
was repeated, except that the salt solution was added in an 
20 amount sufficient to react with 25% of the AgN03- 
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Example 11 

The process of Example 1 was repeated, except that 
the NaCl salt solution was added in an amount sufficient to react 
with 25% of the silver nitrate. Then a 1.0% solution of sodium 
5 iodide was added in an amount sufficient to react with another 
25% of the silver nitrate to produce a combination of silver 
chloride and silver iodide colloids from 50% of the silver nitrate. 

Example 12 

The process of Example 1 was repeated, except that 
10 the NaCl salt solution was added in an amount sufficient to react 
with 25% of the silver nitrate to produce the poorly soluble silver 
chloride colloid. Then a 1.0% solution of sodium propionate was 
added in an amount sufficient to react with another 25% of the 
silver nitrate to produce the slightly water soluble silver 
15 propionate colloid. Next, a 1.0% solution of sodium acetate was 
added in an amount sufficient to react with another 25% of the 
silver nitrate to produce the somewhat water soluble silver 
acetate colloid in combination with the poorly soluble silver 
chloride colloid and the slightly soluble silver propionate colloid 
20 from 75% of the silver nitrate. 

Example 13 

The process of Example 12 was repeated, except that 
an additional amount of zinc iodide was added to convert 10% of 
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the remaining silver nitrate to a colloid of silver iodide. This 
produced a coating containing 15% silver nitrate, 25% of the 
somewhat soluble silver acetate colloid, 25% of the slightly soluble 
sodium propionate colloid, 25% of the poorly soluble silver 
5 chloride colloid, and 10% of the very poorly soluble silver iodide 
colloid, along with the soluble sodium nitrate and zinc nitrate salt 
products. 

As shown by the above examples, any combination of 
additional salts in any combination of different amounts can be 
10 used to convert some or all of the soluble oligodynamic, metal salts 
into insoluble colloidal salts within a polymer composition. 

Example 14 

Somewhat water soluble silver salts, such as silver 
lactate or silver acetate, can be used alone or in combination with 

15 the very soluble silver nitrate to produce other compounds that 
can have antiseptic activity. For example, silver acetate at a 4:1 
molar ratio with zinc chloride produces 50% silver chloride colloid 
and the zinc acetate counter salt, which is also an antiseptic, and 
leaves 50% unreactive silver acetate. Similarly, other silver salts 

20 can be used alone or in combination to produce multiple counter 
salts that have antiseptic or other desirable activity. 

For example, the process of Example 2 was repeated 
except that a soluble combination of silver nitrate, silver acetate, 
and silver lactate was used in place of the 10% silver nitrate 
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solution. When the zinc chloride is added, a colloid of silver 
chloride is formed in the polymer composition and the soluble 
counter salts zinc nitrate, zinc acetate, and zinc lactate are 
produced. The zinc acetate and zinc lactate provide antiseptic 
5 activity in addition to the antimicrobial activity of the silver salts. 
In this example any metal salt other than zinc chloride which 
produces counter salts with the nitrate, acetate, and lactate that 
have a desired effect, such as antiseptic or antimicrobial activity, 
can be used. An example of such a salt is copper chloride. 

10 Different oligodynamic salts have different water 

solubilities. This allows for tailoring of the composition to provide 
a specific release profile of the antimicrobial agent(s) from the 
composition. For example, sodium chloride, zinc iodide, sodium 
citrate, sodium acetate, and sodium lactate can be added to a 

15 coating compsition containing sliver nitrate to produce a coating 
which contains the water soluble salts silver nitrate, and zinc 
nitrate, the somewhat water soluble salts silver lactate (67 mg/ml 
water) and silver acetate (10 mg/ml water), the slightly soluble 
salt silver citrate (0.3 mg/ml water), the poorly soluble salt silver 

20 chloride (0.002 mg/ml water), and the very poorly soluble salt 
silver iodide (0.00003 mg/ml water). By adjusting the proportions 
of salts having different solubilities in the composition, the release 
rate of the active oligodynamic agent(s) can altered to provide a 
shorter or longer release profile over time. 
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For example, the process of Example 1 was repeated, 
except that in addition to the NaCl salt solution, 1% solutions of 
zinc iodide, sodium citrate, sodium acetate and sodium lactate 
were added, each in an amount sufficient to react with 15% of the 
5 silver nitrate, to produce colloids of silver chloride, silver iodide, 
silver citrate, silver acetate, and silver lactate in the final coating 
composition, along with 25% unreacted silver nitrate, and the 
silver nitrate and zinc nitrate salt products. The difference in 
solubility of the different silver salts will produce different and 
10 prolonged rates of silver ion release in the coating when exposed 
to body fluid. 

Example 15 

To form the coating composition for PVC catheters, a 
3.3% solution of a polyether polyurethane-urea block copolymer 

15 manufactured by Tyndale Plains-Hunter Ltd. (TPH) was 
prepared in THF. A 3.3% solution of Polyvinyl chloride (PVC) 
was then prepared in methylene chloride. The two solutions 
were then combined in equal amounts to provide a 50/50 ratio by 
weight of the two polymers in solution. A sufficient quantity of 

20 10% silver nitrate (AgN03) solution in alcohol was then added to 
the TPH/PVC polymer solution to produce a final silver 
concentration of approximately 5%, based on coating solids in the 
solution. A 1% zinc chloride solution in 75/25 mixture by weight 
of ethanol/ water was added to the coating solution in an amount 
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sufficient to react with 50% of the AgNC>3 to produce a colloid of 
the poorly water soluble salt AgCl from half of the AgNC>3. The 
ZnCl2 solution was added slowly to the polymer solution with 
stirring, and the solution began to turn cloudy with the formation 
5 of the fine colloidal AgCl. The amount of water in the final 
coating solution was slightly less than about 1% of the total 
solvent weight. A PVC endotracheal tube was then coated by 
dipping it into the coating composition, followed by drying using 
standard methods. The finished coating contained both the 
10 water soluble, and therefore fast releasing, AgN03 and the 
poorly water soluble, and therefore slow releasing, AgCl. 

Finally, it will be understood that the preferred 
embodiments have been disclosed by way of example, and that 
other modifications may occur to those skilled in the art without 
15 departing from the scope and spirit of the appended claims. 
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I Claim 

1. An article of manufacture comprising a substrate and an 
antimicrobial polymer coating wherein the polymer coating 
comprises one or more polymers and a colloid wherein the 

5 colloid comprises salts of one or more oligodynamic metals 

2. The article of Claim 1 wherein the substrate is a medical 
device. 

3. The article of Claim 2 wherein the medical device comprises 
a catheter, an endotracheal tube, a tracheostomy tube, a 

10 wound drainage device, a wound dressing, a stent, an 

implant, an intravenous catheter, a medical adhesive, a 
suture, a shunt, a glove, a condom, a contact lens, a 
gastrostomy tube, medical tubing, cardiovascular products, 
heart valves, pacemaker leads, a guidewire, or urine 

15 collection devices. 

4. The article of Claim 3 wherein the medical device is a 
catheter. 

5. The article of Claim 1 wherein the polymer comprises one or 
more hydrophilic polymers that are soluble in water or in an 

20 organic solvent containing water, one or more a 

hydrophobic polymers, or a combination of both hydrophilic 
and hydrophobic polymers. 
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6. The article of Claim 5 wherein the hydrophilic polymer is 
selected from the group consisting of polyurethanes, 
polyvinylpyrrolidones, polyvinyl alcohols, polyethylene 
glycols, polypropylene glycols, polyoxyethylenes, polyacrylic 

5 acid, polyacrylamide, carboxymethyl cellulose, dextrans, 

polysaccharides, starches, guar, xantham and other gums, 
collagen, gelatins, biological polymers, and mixtures and 
copolymers thereof. 

7. The article of Claim 5 wherein the hydrophobic polymer is 
10 selected from the group consisting of 

poly tetrafluoroethylene, polyvinyl chloride, 

polyvinylacetate, poly(ethylene terephthalate), silicone, 
polyesters, polyamides, polyureas, styrene-block 
copolymers, polymethyl methacrylate, polyacrylates, acrylic- 
15 butadiene-styrene copolymers, polyethylene, polystyrene, 

polypropylene, natural and synthetic rubbers, acrylonitrile 
rubber, cellulose, and mixtures, derivatives, and copolymers 
thereof. 

8. The article of Claim 1 wherein the colloid comprises at least 
20 one silver salt. 

9. The article of Claim 8 wherein the silver salt is selected from 
the group selected from the group consisting silver chloride, 
silver iodide, silver citrate, silver lactate, silver acetate, silver 
propionate, silver salicylate, silver bromide, silver ascorbate, 
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silver laurel sulfate, silver phosphate, silver sulfate, silver 
oxide, silver benzoate, silver carbonate, silver sulfadiazine, 
and silver gluconate. 

10. The article of Claim 1 wherein the colloid comprises the salt 
5 of more than one oligodynamic metal. 

11. The article of Claim 10 wherein the oligodynamic metal salts 
comprise salts having different solubilities in water. 

12. The article of Claim 11 wherein the oligodynamic metal salts 
comprise silver lactate, silver acetate, silver citrate, silver 

10 chloride, and silver iodide. 

13. An article of manufacture comprising one or more polymers 
and a colloid wherein the colloid comprises salts of one or 
more oligodynamic metals. 

14. A composition comprising a polymer and a colloid wherein 
15 the colloid comprises salts of one or more oligodynamic 

metals. 

15. The composition of Claim 14 wherein the colloid comprises at 
least one silver salt. 

16. The composition of Claim 15 wherein the silver salt is 
20 selected from the group selected from the group consisting 

silver chloride, silver iodide, silver citrate, silver lactate, 
silver acetate, silver propionate, silver salicylate, silver 
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bromide, silver ascorbate, silver laurel sulfate, silver 
phosphate, silver sulfate, silver oxide, silver benzoate, silver 
carbonate, silver sulfadiazine, and silver gluconate. 

17. The composition of Claim 14 wherein the colloid comprises 
5 the salt of more than one oligodynamic metal. 

18. The composition of Claim 17 wherein the oligodynamic metal 
salts comprise salts having different solubilities in water. 

19. The composition of Claim 18 wherein the oligodynamic metal 
salts comprise silver lactate, silver acetate, silver citrate, 

10 silver chloride, and silver iodide. 

20. The composition of Claim 14 wherein the polymer comprises 
one or more hydrophilic polymers that are soluble in water 
or in an organic solvent containing water, one or more 
hydrophobic polymers, or a combination of both hydrophilic 

15 and hydrophobic polymers. 

21. The composition of Claim 20 wherein the hydrophilic 
polymer is selected from the group consisting of 
polyurethanes, polyvinylpyrrolidones, polyvinyl alcohols, 
polyethylene . glycols, polypropylene glycols, 

20 polyoxyethylenes, polyacrylic acid, polyacrylamide, 

carboxymethyl cellulose, dextrans, polysaccharides, starches, 
guar, xantham and other gums, collagen, gelatins, biological 
polymers, and mixtures and copolymers thereof. 
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22. The composition of Claim 20 wherein the hydrophobic 
polymer is selected from the group consisting of 
polytetrafluoroethylene, polyvinyl chloride, 
polyvinylacetate, poly(ethylene terephthalate), silicone, 

5 polyesters, polyamides, polyureas, styrene-block 

copolymers, polymethyl methacrylate, polyacrylates, acrylic- 
butadiene-sty rene copolymers, polyethylene, polystyrene, 
polypropylene, natural and synthetic rubbers, acrylonitrile 
rubber, cellulose, and mixtures, derivatives, and copolymers 
10 thereof. 

23. A process for the manufacture of an antimicrobial 
composition comprising the steps of: 

a) forming a solution, dispersion, or combination thereof 
of one or more polymers; 
15 b) forming in the polymer solution a colloid comprising 

contacting 

1) a solution of salt A which comprises one or more salts 
of oligodynamic metals, and 

2) a solution of salt B which comprises additional salts 
20 that reacts with salt A to form a fine colloidal 

precipitate. 

24. The process of Claim 23 wherein the colloid in step (b) is 
formed separately and then combined with the polymer 
solution. 
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25. The process of Claim 23 wherein the colloid is formed in situ 
in the polymer solution. 

26. The process of Claim 23 wherein salt A comprises salts of 
metals selected from the group consisting of silver, platinum, 

5 gold, zinc, copper, cerium, gallium, palladium, rhodium, 

iridium, ruthenium, and osmium. 

27. The process of Claim 23 wherein salt B comprises anions 
selected from the group consisting of acetates, ascorbates, 
benzoates, bitartrates, bromides, carbonates, chlorides, 

10 citrates, folates, gluconates, iodates, iodides, lactates, 

laurates, oxalates, oxides, palmitates, perborates, 
phenosulfonates, phosphates, propionates, salicylates, 
stearates, succinates, sulfadiazines, sulfates, sulfides, 
sulfonates, tartrates, thiocyanates, thioglycolates, and 

15 thiosulfates. 

28. The process of Claim 23 wherein salt B comprises cations 
selected from the group consisting of calcium, sodium, 
lithium, aluminum, magnesium, potassium, and manganese. 

29. The process of Claim 23 wherein the colloid formed in step 
20 (b) comprises at least one silver salt. 

30. The process of Claim 29 wherein the silver salt is selected 
from the group consisting of silver chloride, silver iodide, 
silver citrate, silver lactate, silver acetate, silver propionate, 
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silver salicylate, stiver: bromide, silver ascorbate, silver laurel 
sulfate, silver phosphate, silver sulfate, silver oxide, silver 
benzoate, silver carbonate, silver sulfadiazine, and silver 
gluconate. 

5 31. The process of Claim 23 wherein the colloid formed in step 
(b) comprises salts having different solubilities in water. 

32. The process of Claim 31 wherein the colloid formed in step 
(b) comprises silver lactate, silver acetate, silver citrate, silver 
chloride, and silver iodide. 

10 33. The process of Claim 23 wherein the polymer is a 
hydrophilic polymer, one or more a hydrophobic polymers, 
or a combination of both hydrophilic and hydrophobic 
polymers. 

34. The process of Claim 23 wherein the polymer solution is 
15 formed by dissolving the polymer supercritical liquids. 

35. A method for the manufacture of an article comprising 
dipping or spraying a substrate with a coating composition 
wherein the coating composition comprises polymers, 
monomers, or any combination thereof, and a colloid 

20 comprising salts of one or more oligodynamic metals. 

36. A method for the manufacture of an article comprising the 
steps of 
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1) forming a solution, dispersion, of combination thereof 
of more or more polymers containing a colloid wherein 
the colloid comprises salts of one or more 
oligodynamic metals; and 

5 2) drying the solution to create a solid polymeric article. 

37. A method for the manufacture of an article comprising the 
steps of 

1) forming a composition that comprises a solution, 
dispersion, of combination thereof of one or more 

10 polymers containing a colloid wherein the colloid 

comprises salts of one or more oligodynamic metals; 

2) drying the composition; and 

3) processing the composition with the application of heat 
to form the article. 

15 38. A method for the manufacture of an article comprising the 
steps of 

1) forming a composition that comprises solution, 
dispersion, of combination thereof of one or more 
polymers containing a colloid wherein the colloid 

20 comprises salts of one or more oligodynamic metals; 

2) compounding the composition formed in step (1) with 
one or more polymers; and 
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3) processing the composition formed in step (2) with the 
application of heat to form the article. 

39. A method for the manufacture of an article comprising 
dipping a form in a composition comprising polymers, 

5 monomers, or any combination thereof, and a colloid 

comprising salts of one or more oligodynamic metals. 

40. A method for the manufacture of an article comprising 
casting a composition comprising polymers, monomers, or 
any combination thereof, and a colloid comprising salts of 

10 one or more oligodynamic metals. 
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